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(57) Abstract: A twin-wire former of a paper or board machine comprises a single-wire initial dewatering section and a twin- 
wire zone in which inside an upper- wire loop (21) there is a dewatering box (23) provided with a curved cover which guides the 
upper wire (21) into contact with a stock layer on a lower wire (11). In connection with the dewatering box (23), there is a first 
dewatering zone (ZBn) in which the cover (27) of the dewatering box is designed so that it produces non-pulsating dewatering of 
the stock between the wires (11, 21) and a second dewatering zone (ZB n ) in which the cover of the dewatering box consists of 
cross-directional de watering blades (28) which produce pulsating dewatering of the stock between the wires (11, 21). At the area 
of the second dewatering zone (ZB n ), the upper wire (21) is supported against the dewatering blades (28), the lower wire (11) being 
unsupported. After the dewatering box (23) inside the lower wire loop (11), there is a forming shoe (16) provided with a curved 
cover before a transfer suction box (17). 
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Web-forming section of a paper or board machine 

The invention relates to a twin- wire web-forming section of a paper or board ma- 
5 chine which comprises a single-wire initial dewatering section and a twin-wire 
zone in which inside an upper-wire loop there is a dewatering box provided with a 
curved cover which guides the upper wire into contact with a stock layer on a 
lower wire. In connection with the dewatering box, there is a first dewatering zone 
in which the cover of the dewatering box is designed so that it produces non- 
10 pulsating dewatering of the stock between the wires, and a successive second de- 
watering zone in which the cover of the dewatering box consists of cross- 
directional dewatering blades which produce pulsating dewatering of the stock 
between the wires. 

15 In a twin- wire former provided with initial dewatering, stock is fed from the head- 
box onto the lower wire on which water is removed from it downwards, after 
which it is guided to the twin-wire zone in which water is removed from it both 
downwards through the lower wire and upwards through the upper wire. At the 
beginning of the twin- wire zone, the upper wire is brought into contact with the 

20 stock layer on the lower wire. The upper wire can be guided onto the stock layer 
by means of a forming roll provided with an open surface. Dewatering on the 
forming roll is substantially non-pulsating, but on the outlet side of the forming 
roll is created a strong underpressure pulse which can break the web in the worst 
case. Also are known arrangements in which the upper wire is guided from a 

25 breast roll directly to a pulsating dewatering zone so that the upper wire is unsup- 
ported when converging with the surface of the stock layer. In such a case, the 
adjustability of upwards dewatering is weak. 

Pulsating dewatering is produced by dewatering blades which are arranged to 
30 support the wires cross-directionally in relation to their travel direction. When 
there are dewatering blades inside only one of the wire loops, the outer wire is 
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free to adjust itself when the thickness of the stock layer between the wires 
changes, and the magnitude of pressure pulses created by the dewatering blades 
remains substantially constant as the basis weight of paper or board changes. Al- 
ternatively, there can be dewatering blades inside both wire loops, whereby the 
5 direction of the pressure pulses and dewatering alternates. In order to make the 
magnitude of the pressure pulses remain constant, the dewatering blades of one 
side are usually adjustably loadable, whereby they are called loadable blades. 

The use of dewatering blades and loadable blades intensifies dewatering and im- 
proves the formation of the web, because the pressure pulses create shear forces in 
the stock layer which break already formed floes. On the other hand, the pressure 
pulses and the alternation of dewatering direction decrease retention as fines and 
fillers are washed away by water in the vicinity of the surface layers of the web. 
Effective pressure pulses increase the orientation of fibres and thus increase the 
strength difference between the machine- and cross-directions of paper. Blade 
dewatering also increases the wear and tear of wires. The thickness of the stock 
layer between the wires and the great variations of thickness set limits to the use 
of loadable blades, because of which loadable blades cannot always be used. 
Loadable blades typically impair bursting and interlaminar strengths which are 
extremely important to certain board grades. In order to maximise strength, one 
sometimes wishes to omit the blades or put them to a later stage. 

Fig. 7 of WO 2004018768 shows an arrangement according to prior art in which 
at the beginning of a twin-wire zone inside an upper- wire loop there is a suction 
25 box in connection with which there are at least two successive dewatering zones. 
A first dewatering zone is constituted by a forming shoe having a curved cover 
against which the upper wire is supported, the lower wire being in the area of the 
forming shoe unsupported. The forming shoe has a substantially open surface and 
due to the effect of underpressure arranged in the shoe it produces substantially 
30 non-pulsating dewatering of the stock between the wires. A second dewatering 
zone is constituted by cross-directional dewatering blades inside the upper wire, 



10 



15 



20 



WO 2007/096467 



PCT/FI2007/050083 



3 

which blades are supported against the stock between the wires, together with the 
dewatering blades inside the lower wire, which blades can be adjustably loaded 
against the stock between the wires at the area of slots remaining between the 
fixed dewatering blades for producing pulsating dewatering of the stock in the 
5 second dewatering zone. 

When the twin-wire zone begins with non-pulsating dewatering, it is possible to 
keep retention good, because a fibre network formed on the surface of the stock 
layer will retain fines and filler well in the following dewatering stages where 

10 dewatering pressure is pulsating. When manufacturing board having heavy basis 
weight or when using slowly draining pulps, a non-pulsating forming shoe at the 
beginning of the twin- wire zone cannot always remove so much water from the 
stock that the web could immediately after the forming shoe be transferred be- 
tween the dewatering blades and the loadable blades without risks. If the stock 

15 layer is too thick or its consistency is too low, there is a risk that the web will not 
endure the strong pulsation of the loadable blade area but breaks. 

It has been observed that by increasing the underpressure of the non-pulsating 
forming shoe the dewatering capacity can be increased to a certain limit, after 

20 which the dewatering capacity starts to decrease despite of the increase of under- 
pressure. The decrease of dewatering is probably due to the fact that as underpres- 
sure increases the surface of the stock layer against the wire is thickened so that 
dewatering through the surface layer becomes difficult. Because of this, the effect 
of underpressure should be interrupted at intervals, whereby the thickness of the 

25 stock layer is partly restored and the pore structure of its surface opens up. Even 
relatively low pressure pulses are adequate to open the surface structure of the 
fibre network so that dewatering can be continued. 

The object of the invention is to solve the above-described problems related to 
30 prior art. 
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The invention is characterised by what is presented in the characterising part of 
claim 1. 

In a manner known as such, at the beginning of the twin- wire zone there is a first 
5 dewatering zone which produces non-pulsating dewatering and a second dewater- 
ing zone which produces pulsating dewatering. In the new arrangement, the sec- 
ond dewatering zone is constructed so that there are dewatering blades only inside 
the upper-wire loop, the lower wire being free of loadable blades, whereby the 
position of the lower wire can automatically change when the thickness of the 
10 stock layer between the wires changes. Furthermore, after a dewatering box before 
a transfer suction box, there is a forming shoe inside the lower wire provided with 
a curved cover which increases dewatering through the lower wire. 

When only the upper wire is supported against dewatering blades and the lower 
15 wire is free of loadable blades, the second dewatering zone produces only gentle 
pulsation which is enough for opening the surface structure of the fibre network 
so that dewatering is able to continue also in the case in which the surface of the 
web has disadvantageous^ thickened in the previous dewatering zone. 

20 In an embodiment of the invention, the dewatering box comprises three suction 
chambers of which the last one, i.e. the third suction chamber, is free of loadable 
blades inside the lower wire. At the area of the last suction chamber, the distance 
of blades in the machine direction is small, whereby relatively high underpressure 
can be used. Thus is produced high dewatering pressure without the wires diverg- 

25 ing from each other. 

In another embodiment of the invention, the dewatering box comprises four suc- 
tion chambers, the third suction chamber of which is provided with dewatering 
blades and loadable blades inside the lower wire, because of which the third suc- 
30 tion chamber produces clearly stronger pulsation than the second suction cham- 
ber. By means of the first and the second suction chamber, an adequate amount of 
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structural fibre network can be formed on the upper surface of the web before the 
loadable blades. 

In an advantageous embodiment of the invention, the single-wire initial dewater- 
5 ing section begins on a forming board which comprises a first dewatering zone on 
which dewatering begins and a second dewatering zone which produces pulsating 
dewatering. 

The initial dewatering section can be very short, whereby the twin-wire zone 
10 starts immediately after the forming board. Alternatively, the initial dewatering 
section can be longer, whereby it comprises one or more dewatering elements 
located inside the lower wire loop after the forming board before the beginning of 
the twin- wire zone. 

15 The web-forming section according to the invention is especially suitable for 
manufacturing board and thick paper grades. It is also suitable for manufacturing 
multi-layer boards. 

Because there is adequate dewatering capacity in the upper- wire unit, the length of 
20 the fourdrinier-wire section can be chosen so that the ratio of water volumes exit- 
ing upwards and downwards is 50/50. Then the layer purity of the web is good, 
because it is not necessary to remove water in more than one direction from each 
layer. 

25 The invention will now be described with reference to the figures of the accompa- 
nying drawings, to the embodiments of which the invention is, however, by no 
means intended to be solely restricted. 

Fig. 1 is a side view of a part of a web-forming section according to the invention. 
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Fig. 2 shows the development of dewatering in a non-pulsating forming shoe as a 
function of underpressure used. 

Fig. 3 is a side view of a part of a web-forming section, the short initial dewater- 
5 ing section of which comprises a forming board which is provided with suction. 

Fig. 4 is a side view of a part of a web-forming section according to another em- 
bodiment of the invention. 

10 Fig. 5 shows a variation of the web-forming section of Fig. 4. 

Fig. 6 shows another variation of the web-forming section of Fig. 4. 

Fig. 7 shows the web-forming section applicable to manufacturing a board web as 
15 a whole. 

Fig. 8 shows another web-forming section applicable to manufacturing a board 
web as a whole. 

20 The web-forming section shown in Fig. 1 comprises a lower wire loop 1 1 which 
forms a single-wire initial dewatering section, and an upper- wire loop 21 which 
together with the lower wire 1 1 defines a twin-wire zone after which the web fol- 
lows the lower wire 11. Stock is fed from a headbox 10 over a breast roll 12 to a 
fourdrinier-wire section of the lower wire 1 1 on which water is removed from the 

25 stock by means of dewatering elements (not shown in figures) located below the 
lower wire 11. The upper wire 21 forms a loop the travel of which is guided by 
guide rolls 22. Inside the upper- wire loop 21, there is a dewatering box 23 which 
guides the upper wire 21 onto the stock layer. At this stage, the upper surface of 
the stock layer consists of relatively dilute pulp, whereas its lower surface is 

30 couched into a fibre network against the lower wire 1 1 . 
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The dewatering box 23 is provided with a curved cover and it comprises three 
successive suction chambers 24, 25 , 26 which advantageously have different un- 
derpressures. By the effect of the suction chambers 24, 25 , 26, into connection 
with the dewatering box 23 is constituted at least two successive dewatering zones 
5 ZBi and ZBn the first of which is non-pulsating and the second is pulsating. The 
first suction chamber 24 is provided with a cover structure 27 which produces 
non-pulsating dewatering of the stock between the wires 11,21. The cover 27 has 
a large open siirface area and, through holes in the cover, the first dewatering zone 
ZBi is in contact with the underpressure prevailing in the suction chamber 24. It is 
10 characteristic of the structure of the cover 27 that uniform and elongated slots in 
the cross-machine direction have been avoided which would produce pulsating 
dewatering pressure. Cover structures producing non-pulsating dewatering are 
described e.g. in US 6372091 and WO 2004018768. 

15 At the area of the second and third suction chamber 25, 26, the cover of the dewa- 
tering box 23 is constituted of dewatering blades 28 cross-directional in relation to 
the machine-direction which blades support the upper wire 21. Between the blades 
28, there remain slots through which the second dewatering zone ZBn is in con- 
nection with the underpressure prevailing in the suction chambers 25, 26. Inside 

20 the lower wire loop 11, there are no blades limiting or directing the travel of the 
lower wire 11, because of which the lower wire 1 1 can flexibly move in the height 
direction. Then, the distance between the wires 11 and 21 is directly dependent on 
the thickness of the stock layer between them. The dewatering blades 28 produce 
only gentle pressure pulses the magnitude of which is substantially constant irre- 

25 spective of the thickness of the stock layer between the wires 11 and 21. The ar- 
rangement is extremely well applicable to manufacturing thick board grades. At 
the area of the third suction chamber 26, the dewatering blades 28 occur more 
densely and the underpressure is higher than at the area of the second suction 
chamber 25. 

30 
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The dewatering box 23 is also followed by a forming shoe 16 located inside the 
lower wire loop 1 1 which shoe has a curved foil cover, and two suction boxes 17 
the duty of which is both to remove water from the web and also to ensure that the 
web follows the lower wire 1 1 after the twin- wire zone. 

5 

Fig. 2 illustrates the development of dewatering on the area of the non-pulsating 
dewatering zone ZB\ as a function of underpressure in the suction chamber 24. 
The upper curve demonstrates desired dewatering and the lower curve demon- 
strates actual dewatering when the web is manufactured of difficultly draining 

10 pulps or with heavy basis weight. From the figure is seen that as suction increases, 
dewatering does not always increase as expected, but after a certain maximum 
value dewatering starts to decrease (slashed area). This is due to the fact that the 
surface of the web thickens due to the effect of underpressure, whereby dewater- 
ing through the dense surface layer becomes difficult. The thickening of the fibre 

15 network can be decreased by directing pressure pulses to it which have been pro- 
duced by dewatering blades. To achieve this, in the web-forming unit according to 
the invention after a non-pulsating dewatering zone is arranged a pulsating dewa- 
tering zone in which the thickness of the stock layer is not limited by loadable 
blades. 

20 

Fig. 3 shows an alternative arrangement in which the twin- wire zone is preceded 
by a very short initial dewatering section. Initial dewatering takes place on a form- 
ing board 13 which is provided with underpressure and which comprises two suc- 
cessive dewatering zones ZA X and ZA n . Dewatering starts on the area of the first 
25 dewatering zone ZAi and continues in the second dewatering zone ZAn in which 
the cover of the forming board 13 is constituted of dewatering blades 15 cross- 
directional in relation to the machine direction which blades produce pulsating 
dewatering of the stock on the lower wire 1 1 . 

30 The dewatering box 23 corresponds the dewatering box 23 described in connec- 
tion with Fig. 1, comprising a first non-pulsating dewatering zone ZBi and a sec- 
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ond pulsating dewatering zone ZB n which is further divided into two parts having 
different underpressures and blade densities. 

The object is to produce already in the initial stage of dewatering a good filtering 
5 fibre layer on both surfaces of the web which layer lets water through but retains 
fines and filler. When the stock layer comes to the twin-wire zone, its lower sur- 
face is already couched into a fibre network, whereas on the upper surface there is 
still dilute stock. The first dewatering zone ZBi of the twin-wire zone removes 
water effectively, whereby the fibre network is formed on the surface of the stock 

10 layer opposite the upper wire 21. In the first suction chamber 24, relatively low 
underpressure, e.g. 1-15 kPa, can be used. Underpressure in the second suction 
chamber 25 is advantageously 5-15 kPa and at its area the dewatering blades 28 
are relatively scattered. Underpressure in the third suction chamber 26 is of the 
order of 20-25 kPa and the dewatering blades 28 are located more densely than at 

15 the area of the second suction chamber 25. 

The length of the fourdrinier-wire section from the impact point of the slice jet of 
the headbox to the beginning of the twin-wire zone is advantageously less than 3 
metres. Then, the consistency in the upper surface of stock suspension is low and 
20 the characteristics of the upper surface of the web can still be effectively affected 
in the twin- wire zone. 

Fig. 4 shows another embodiment of the invention in which a dewatering box 123 
has four chambers and there are also four different dewatering zones. The initial 
25 dewatering section is also here very short, comprising a forming board 13 after a 
first dewatering zone ZAi of which there are some cross-directional dewatering 
blades 15 which produce a pulsating dewatering zone ZAn. 

The first dewatering zone ZBi of the twin-wire zone comprises a first suction 
30 chamber 24 which is provided with a cover 27 which produces non-pulsating de- 
watering. The second dewatering zone ZBn comprises a second suction chamber 
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25 which is provided with dewatering blades 28 at the area of which the lower 
wire 1 1 is unsupported. A third dewatering zone ZBm comprises a third suction 
chamber 126 which is provided with dewatering blades 28 opposite to which there 
are dewatering blades 18 adjustable of their load and located inside the lower wire 
5 loop 1 1 . Because of the dewatering blades 28 and the loadable blades 1 8, dewater- 
ing in the third dewatering zone ZB m is strongly pulsating and its direction alter- 
nates. A fourth dewatering zone ZBiv comprises a fourth suction chamber 127 at 
the area of which there are a set of dewatering blades 28 as the cover of the dewa- 
tering box 123 opposite which there are no loadable blades. Thus, dewatering in 
10 the fourth dewatering zone ZBw is less pulsating than in the third dewatering zone 
ZBm. After the dewatering box 123, inside the lower wire loop 11 there is also a 
forming shoe 16 provided with a curved cover and a transfer suction box 17. 

On the area of the first three dewatering zones ZBi ? ZB n and ZB IIl5 the structure 
15 and characteristics of the web being formed can still be affected. At the area of the 
last dewatering zone ZBiv, a completed fibre network has already been formed, 
because of which therein it is possible to affect mostly the effectiveness of dewa- 
tering and the dry content of the web after the twin- wire zone. 

20 Locating the loadable blades 18 only at the area of the third suction chamber 126 
makes it possible to produce such board grades which have heavy basis weight 
and in the manufacture of which difficultly draining pulps are used. The loadable 
blades considerably increase dewatering capacity, but simultaneously they de- 
crease the bursting and interlaminar strength of board which are important charac- 

25 teristics with certain board grades, but with all grades these characteristics are not 
equally important. When pursuing good bursting and interlaminar strength, the 
arrangement of Fig. 3 is more advantageous than the arrangement of Fig. 4. 

A web-forming section according to the invention is also applicable to manufac- 
30 turing layered board and paper grades e.g. using a multi-layer headbox. Dewater- 
ing can be allocated to be done at a desired ratio through the upper and lower 
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wire. The arrangement gives a possibility to keep the characteristics of the differ- 
ent layers of board different better than earlier. This is a consequence of the possi- 
bility to arrange dewatering so that water from the lower surface is removed 
downwards and water from the upper surface upwards. 

5 

Fig. 5 shows a web-forming section corresponding Fig. 4 in which after the form- 
ing board 13 before the beginning of the twin- wire zone inside the lower wire 11 
is arranged a suction box 19 which removes water from the stock through the 
lower wire 1 1 before it comes to the area of influence of the dewatering box 123. 

10 

Fig. 6 shows an arrangement corresponding Fig, 5 in which the distance between 
the forming board 13 and the forming shoe 19 is so large that a set of dewatering 
elements known as such, which elements are not described in detail in the figure, 
can be located there. This arrangement is advantageous when one desires to re- 
1 5 move more water through the lower wire 1 1 before the twin- wire zone. 

Fig. 7 shows a web-forming section corresponding Fig. 6 as a whole from a head- 
box 10 to a pick-up point. Stock is fed from the headbox 10 over a breast roll 12 
to a forming board 13. The forming board 13 is followed by a set of suction boxes 

20 30 5 19 which remove water from the stock through a lower wire 1 1 . When coming 
to the twin- wire zone, water is removed from the web by means of the dewatering 
box 123 which comprises four different dewatering zones, the first of which is 
non-pulsating and the following three are pulsating in different ways. Loadable 
blades 18 are arranged not until at the area of the third dewatering zone. After the 

25 twin-wire zone has ended, water is still removed from the web on the fourdrinier- 
wire section by means of suction boxes 31. After the fourdrinier-wire section, the 
web is transferred from the lower wire 11 by means of a pick-up -roll 32 onto a 
fabric 33 of the press section. 

30 Fig. 8 shows a web-forming section corresponding Fig. 4 as a whole from the 
headbox 10 to the pick-up point. Here the initial dewatering section is short com- 
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prising only a forming board 15 after which starts the twin- wire zone. As to its 
other parts, the arrangement corresponds the one described above in connection 
with Fig. 7. 



5 Many different variations of the invention are possible within the scope defined 
by claims to presented next. 
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Claims 

1. A twin- wire web-forming section of a paper or board machine, which com- 
prises a single-wire initial dewatering section and a twin-wire zone in which there 

5 is a dewatering box (23, 123) inside an upper wire loop (21) provided with a 
curved cover which box guides the upper wire (21) into contact with a stock layer 
on a lower wire (1 1), in connection with which dewatering box (23 , 123) there is a 
first dewatering zone (ZBi) in which the cover (27) of the dewatering box is de- 
signed so that it produces non-pulsating dewatering of the stock between the wires 

10 (11, 21), and a successive second dewatering zone (ZBu) in which the cover of the 
dewatering box is constituted of cross-directional dewatering blades (28) which 
produce pulsating dewatering of the stock between the wires (11, 21), character- 
ised in that on the whole length of the second dewatering zone (ZB n ) the upper 
wire (21) is supported against the dewatering blades (28) the lower wire (11) be- 

15 ing unsupported, and that after the dewatering box (23, 123) there is a forming 
shoe (16) inside the lower wire loop (11) provided with a curved cover before a 
transfer suction box (17). 

2. A web-forming section according to claim 1, characterised in that the dewater- 
20 ing box (23) comprises three suction chambers (24, 25, 26), the first suction 

chamber (24) of which and its cover (27) constituting the first dewatering zone 
(ZBi) and the second and the third suction chamber (25, 26) and the dewatering 
blades (28) as their cover constituting the second dewatering zone (ZBn). 

25 3. A web-forming section according to claim 1, characterised in that the dewater- 
ing box (123) comprises four suction chambers (24, 25, 126, 127), the first suction 
chamber (24) of which constitutes said first dewatering zone (ZBi), the second 
suction chamber (25) constitutes said second dewatering zone (ZBu), the third 
suction chamber (126) constitutes a third dewatering zone (ZBni) at the area of. 

30 which the upper wire (21) is supported against the dewatering blades (28) and 
there are loadable blades (18) guiding the travel of the lower wire (11), and the 
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fourth suction chamber (127) constitutes a fourth dewatering zone (ZBiv) at the 
area of which the upper wire (21) is supported against the dewatering blades (28), 
the lower wire (11) being unsupported. 

5 4. A web-forming section according to any one of claims 1-3 , characterised in 
that at the beginning of the single-wire initial dewatering section there is a form- 
ing board (15) which comprises a first dewatering zone (ZAi) on the area of which 
dewatering is adjustable by means of underpressure, and a second dewatering 
zone (ZAii) which produces pulsating dewatering of the stock on the lower wire 

10 (11). 

5. A web-forming section according to claim 4, characterised in that the twin- 
wire zone begins immediately after the forming board (15). 

15 6. A web-forming section according to claim 4, characterised in that after the 
forming board (15) before the twin- wire zone there is at least one dewatering ele- 
ment (19, 30). 
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